INTRODUCTION
============

The accurate diagnosis of newly developed pneumonia is difficult in patients with an endotracheal tube or tracheostomy ([@B1]), since many other conditions, such as, tracheobronchitis ([@B2]), pulmonary edema, and atelectasis, can mimic pneumonia. Therefore bacteriologic tests are necessary to confirm pneumonia; Infectious Diseases Society of America/American Thoracic Society (IDSA/ATS) guideline is that samples of lower respiratory tract secretions should be obtained from all patients with suspected hospital acquired pneumonia (HAP) which should be collected before antibiotic changes. Samples can include an endotracheal aspirate, bronchoalveolar lavage sample, or protected specimen brush sample ([@B2]).

But qualitative endotracheal aspirate (EA) culture cannot differentiate colonization from infection ([@B3], [@B4]). Although quantitative culture of bronchoalveolar lavage (BAL) fluid obtained by bronchoscopy can accurately diagnose pneumonia, this procedure is invasive and cannot be utilized in some patients, especially in those who are critical ([@B5]-[@B12]).

Quantitative EA culture is non-invasive, easily learnt, and cheaper than quantitative BAL fluid culture ([@B4], [@B13]); and previous results have suggested that EA can be used as a substitute for BAL in quantitative cultures ([@B4]). However, this issue is controversial and result thresholds have not been determined. Furthermore, little data is available on quantitative EA cultures in Korea, or on the clinical applications of this methodology. Accordingly, we evaluated the clinical usefulness of quantitative EA cultures in intensive care unit (ICU) patients with pneumonia, and sought to determine the result threshold level for positivity.

MATERIALS AND METHODS
=====================

We performed this retrospective cohort study between December 1, 2004 and January 31, 2006. Patients with an endotracheal tube or tracheostomy suspected of having pneumonia admitted to medical ICU at the Asan Medical Center were enrolled whose EA sample was collected within 2 days of a BAL sample. Patients with community acquired, hospital acquired, and health care associated pneumonia were included, as were immunocompromised or immunocompetent patients, who had previously received antibiotics. However, patients a with lower clinical pulmonary infection score (CPIS) of \< 6 or with an interval between BAL fluid and EA sampling of \> 48 hr were excluded.

We evaluated patient demographic data, hospital courses, microbiologic results, the use of antibiotics, and radiographic changes. Acute physiology and chronic health evaluation (APACHE) II scores were determined at ICU admission, and CPIS scores on the first and third days after the onset of hospital acquired pneumonia.

EA samples with \> 10 epithelial cells per low power field on a Gram stained slide of a direct smear were rejected as inadequate for culture. EA cultures were quantified using calibrated loops. Briefly, each 1 microliter of EA itself and 100-fold diluted EA were evenly streaked with 1 microliter-disposable plastic loop on entire surface of a chocolate agar plate, a sheep blood agar plate, and a MacConkey agar plate. Plates are incubated overnight in a 5% CO~2~ atmosphere at 35℃. Colonies were then counted and bacterial concentrations (cfu/mL) were calculated. Microorganisms with counts \> 10^4^ cfu/mL were submitted for identification and antimicrobial susceptibility testing. If no growth was detected on any plate, the incubation was extended for 24 hr.

Statistical analysis was performed using SPSS version 10.0 (SPSS, Chicago, IL, USA). Results are expressed as means ± SDs. The chi-square test was used to compare proportions. Threshold levels of 10^5^, 10^6^, and 10^7^ cfu/mL were used to evaluate quantitative EA culture positivity, but quantitative BAL culture positivity was defined as 10^4^ cfu/mL, which is an established threshold level. Sensitivity, specificity, and the predictive values of quantitative EA cultures were calculated at each of the three threshold levels. Kappa analysis was used to determine concordance rates between quantitative EA and BAL culture results.

Ethics statement
----------------

This study protocol was approved by the institutional review board (IRB) of Asan Medical Center (Approval number: 2011-0170). This study was exempted from written informed consent and all the data collected from this study was kept confidential.

RESULTS
=======

A total of 45 patients (32 men, 13 women, mean age 63.4 ± 13.2 yr) were enrolled. Patient demographic data is provided in [Table 1](#T1){ref-type="table"}. Twenty-eight patients had hospital acquired pneumonia and 17 had community acquired pneumonia (CAP). Their underlying diseases included malignancy, chronic lung disease, rheumatologic disease, and others. The majority of patients (n = 36) were immunocompromised, and 17 of these had previously received chemotherapeutic agents, corticosteroids, or immunosuppressive agents. The major cause of ICU admission was respiratory failure and hypoxemia. Total patients\' mean APACHE II score at ICU admission was 29.4 ± 7.3. In patients with hospital acquired pneumonia, mean CPIS scores on days 1 and 3 after pneumonia onset were 8.7 ± 2.0 and 8.5 ± 2.0, respectively.

[Table 2](#T2){ref-type="table"} shows the hospital courses of the patients. Mean length of ICU stay was 29.8 ± 26.8 days and mean duration of mechanical ventilation was 26.4 ± 25.3 days. The average time between BAL and EA sampling was 0.2 ± 0.9 days. Using a threshold of 10^5^ cfu/mL, 10 (22.2%) quantitative EA cultures were positive, as compared with 7 (15.6%) BAL cultures ([Table 3](#T3){ref-type="table"}). Six of the 7 patients with a positive BAL cultures had a positive EA culture. Of the 10 EA culture (+) patients, 2 patients with 10^5^ cfu/mL had all BAL culture (-), and of the 8 EA culture (+) patients (at a threshold of 10^6^ cfu/mL), 6 were BAL culture (+).

We calculated the diagnostic efficiencies of quantitative EA culture at each threshold level. When BAL culture findings were used as reference, the sensitivity and specificity of quantitative EA culture at a threshold of 10^5^ cfu/mL were 85.7% and 89.5%, respectively and at a threshold of 10^6^ cfu/mL, these were 85.7% and 94.7%, respectively ([Table 4](#T4){ref-type="table"}). Kappa analysis showed that the concordance rate of the two diagnostic methods was best at a quantitative EA culture threshold of 10^6^ cfu/mL. The area under the ROC curve of quantitative EA culture at this threshold was 0.902 ([Fig. 1](#F1){ref-type="fig"}).

After obtaining culture results, antibiotic regimens were altered in 19 (42%) of the 45 patients. In 16 (36%) patients, antibiotics were deescalated and these included 12 patients on vancomycin because of a lack of evidence of methicillin-resistant *Staphylococcus aureus* infection. When we evaluated positivity rates with respect to time of antibiotic use before BAL, we observed higher positivity rate in patients who had received antibiotics for 7 days or longer (*P* = 0.017).

DISCUSSION
==========

This study shows that quantitative endotracheal aspirate culture is a useful non-invasive tool for the diagnosis of pneumonia pathogens in critically ill patients. Our findings suggest that a threshold level of 10^6^ cfu/mL is appropriate because at this level excellent concordance was found with quantitative BAL culture results.

Ventilator associated pneumonia (VAP) or severe CAP is difficult to diagnosis in ICU patients with an endotracheal tube or a tracheostomy. It is associated with high mortality and morbidity rates ([@B14]). Thus, early and accurate diagnosis and appropriate empirical antibiotic treatment are important outcome variables ([@B14]).

Many clinical conditions mimic pneumonia in these patients, which in practice, means that microbiologic evaluations are required for the diagnosis of pneumonia. However, it is difficult to obtain specimens from the lower respiratory tract without contamination by colonizing bacteria. Therefore culture results are invariably often difficult to interpret. Since qualitative cultures are unable to distinguish between pathogens and colonizing bacteria, the concept of quantitative culture was developed based on BAL, protected specimen brush (PSB), blinded protected telescoping catheter, and EA cultures ([@B15]-[@B21]).

Quantitative EA cultures are straightforward, cheap, easily performed, and non-invasive and have been shown to be useful in Western countries ([@B22]-[@B26]). Previous studies included comparative evaluations of the accuracy of quantitative EA cultures for the diagnosis of VAP versus other diagnostic methods, such as, autopsy specimen, BAL, or PSB culture, or clinical methods ([@B22], [@B24]-[@B28]). In general, each of these methods is of clinical value, primarily because of the invasive nature of bronchoscopy ([@B5]-[@B12]), but their sensitivities and specificities vary. Additionally positivity thresholds are controversial, 10^5^ cfu/mL ([@B22], [@B26], [@B29]), or 10^6^ cfu/mL ([@B24], [@B25], [@B27]).

No reference autopsy specimen was available for this study. Therefore we used quantitative BAL cultures and clinical diagnosis as diagnostic standards to confirm the presence of pneumonia.

When we compared the sensitivity, specificity, and concordance of quantitative EA and quantitative BAL culture, we found that the optimal quantitative EA culture threshold level was 10^6^ cfu/mL.

Furthermore, in patients with hospital acquired pneumonia, we also used CPIS ([@B30]). No patient with HAP had a CPIS score of \< 6 on day 1 and 3 after pneumonia onset, so this study showed high specificity (94.7%) than previous studies that did not use it ([@B24], [@B25], [@B27]).

When 10^4^ cfu/mL was used as a cutoff value for quantitative BAL cultures, we found that 15.6% of BAL cultures were positive, which is lower than previous studies. This may have been low because we do not routinely perform quantitative BAL culture in critically ill patients with suspected pneumonia. We performed quantitative BAL culture in ICU patients with a poor clinical response to a previous empirical regimen or atypical clinical symptoms or signs. So we might enrolled many difficult patients to diagnose or patients suspected of having an atypical pathogens. Furthermore, many of the cultured bacteria were drug resistant organisms. These may be partially explained by culture positivity rate was high in patients with prolonged antibiotic use rather than short term antibiotic use. Only one CAP patient showed positive EA culture and the others were HAP patients. We had more HAP patients (HAP 28/CAP 17 patients) and most of CAP patients received antibiotics initiation before BAL. When we included in patients with HAP only, EA and BAL culture rates were 32.1% and 25% respectively.

In our cohort, the antibiotic regimen was changed in 19 patients, including 12 maintained on antibiotics after vancomycin discontinuance, and these actions were taken based on our quantitative culture results. Thus, quantitative EA culture is likely to reduce antibiotic use.

Several study limitations should be borne in mind. First, this was not a randomized controlled study. Besides BAL was not performed routinely in all patients with pneumonia or in patients that responded well to antibiotics due to its invasiveness. Accordingly, this study was performed in patients who had contracted a difficult pathogen to diagnose. In addition, we also included many patients who had been previously treated with antibiotics, and we enrolled community and hospital acquired pneumonia cases.

Summarizing, quantitative EA cultures are useful non-invasive diagnostic tool in critically ill patients with an endotracheal tube or tracheostomy suspected of having pneumonia especially in HAP. It is also suggested that the appropriate threshold level for quantitative EA culture is 10^6^ cfu/mL.
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###### 

Patient demographics and clinical characteristics at baseline
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HAP, hospital acquired pneumonia; CAP, community acquired pneumonia.

###### 

Patient characteristics at ICU admission, clinical pulmonary infection score (CPIS) on days 1 and 3 after pneumonia onset in patients with hospital acquired pneumonia and hospital courses (days)
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SD, standard deviation.

###### 

Microbiologic results of quantitative cultures, previous antibiotics duration (days) before BAL and type of pneumonia in patients with positive culture
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^\*^Culture counts. MRSA, methicillin resistant *Staphylococcus aureus*; IRPA, imipenem resistant *Pseudomonas aeruginosa*; ESBL, extended-spectrum β-lactamases.

###### 

Characteristics of quantitative EA cultures and the concordance between quantitative BAL and EA cultures
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PPV, positive predictive value; NPV, negative predictive value.
